Limb salvage should be considered after complete remission in young and physically active patients with osteosarcoma. Herein we described a patient who was treated with whole knee allograft reconstruction for the clinical implications of biological reconstruction which can avoid the problems with several consecutive sessions of mega-prosthesis revision. The mid-term result of this whole knee joint allograft reconstruction showed that it provided optimal joint congruence with durable joint stability, well balanced mechanical axis without joint space narrowing, and satisfactory gait pattern.
of distal femoral osteoarticular allograft survival was 78% at ten years, and the rate of allograft survival without the need for resurfacing with a knee prosthesis was 71% at ten years. 1) Despite the fact that hemi-osteoarticular allograft reconstruction shows a good longterm outcome, this reconstruction has raised various problems such as articular incongruence due to condylar size mismatching and joint instability due to ligament connecting.
We report herein a successful case of limb salvage surgery with a whole knee joint allograft containing the distal femur, proximal tibia and fibula, collateral and cruciate ligaments, menisci, joint capsule and patella tendon in a patient with an osteosarcoma of lower leg.
The patient was informed that data concerning the case would be submitted for publication, and he consented.
CASE REPORT

Patient
A 16-year-old boy presented with intermittent pain in the right knee for 5 months. On physical examination, he had a normal range of knee joint motion and no palpable mass and neurologic deficiency; however, there was tenderness on the lateral condylar area and tuberosity of the proximal tibia. The initial magnetic resonance (MR) images exhibited a soft tissue extension toward fibular and lateral joint capsular area (Fig. 1A, 1B ). Plain radiographs of the knee joint revealed bony destruction with osteolytic and sclerotic nature at the lateral eccentric location of right proximal tibia as well as tibial tuberosity (Fig. 1C, 1D ). Positron emission tomography, bone scan and chest computed tomography showed no metastatic lesion.
Histopathological examination of the tissue by incisional biopsy confirmed osteoblastic osteosarcoma (Fig. 1E ).
2. Whole knee joint allograft and operative pro cedure of lower leg between middle of thigh and middle of lower leg ( Fig.   2A ). We could not inspect of allograft's abnormality by MR imaging since it was frozen, therefore we just have informed bone-size matching by plain radiographs before surgery (Fig. 2B) .
The procedure and possible complications were fully explained before the surgery and we obtained operative permission for using whole knee joint allograft.
Immediately after starting operation, the fresh frozen allograft was thawed in warm saline water, and its soft tissue of outside the joint capsule was removed with patella. The damage to the menisci, collateral and cruciate ligaments, and articular cartilage was thoroughly inspected and confirmed normality of all the joint structures ( were used for tibia, the intramedullary ulna rod (Acumed, Hillsboro, OR, USA) was inserted for fibula, and the anatomical locking plate (Synthes) applied for femur osteosynthesis (Fig. 3) . The patella tendon and joint capsule of allograft sutured to the each remnant host's one. We don't need sutures for connecting of anterior and posterior cruciate ligaments as well as medial and lateral collateral ligaments.
The medial gastrocnemius muscle transposition and split thickness skin graft was done for exposed tibia. 
Postoperative assessment
The follow up plain radiographs (Fig. 4) showed well union process and maintained skeletal axis without joint space narrowing and other complication. Although the MR imaging was not clear due to metal artifact, it seems like normal joint structures including cruciate ligaments and menisci ( 
DISCUSSION
It has been hard to reconstruct a surgical defect using a distal femoral or a proximal tibial osteoarticualr allograft due to size mismatching with host condyle. Radiologic matching by computed tomography or plain radiography is currently the best option for detecting a similar-sized allograft. Muscolo et al. 1) selected distal femoral osteoarticular allografts by measuring maximum total width, the anteroposterior dimension of the medial and lateral condyles and the width of the intercondylar notch. Their proximal tibial osteoarticular allograft were selected by comparing the age, gender, height, and radiographs of the patient with corresponding data from the donor to achieve the closest anatomic match. 4) Whole knee joint allograft reconstruction does not require matching process but it should be obtained from a young healthy donor without a previous history of knee joint diseases or injuries. It has been reported that fracture is a common complication of allografts and that the incidences of infection and fracture are relatively high. 5, 6) In current case, we applied dual internal fixation using intramedullary nail and locking plate of titanium alloy implants for the tibia to prevent allograft fracture and easy radiological follow-up.
Unlike hemiside osteoarticular allograft, the whole knee joint allografts may result in less frequent meniscus injury or fatigue stress of the cruciate ligaments due to best matched joint congruence as well as less frequent articular destruction due to optimal joint excursion. Beside, whole knee joint allograft is no need for host-allograft sutures of the cruciate and collateral ligaments and joint capsule, the joint laxity or postoperative ankylosis may be less occurs.
A previous experimental study in a rabbit model has demonstrated that there is no significant difference in subsequence reintegration of cartilage, menisci and ligaments between whole knee joint autografts treated with heating at 60 o C for 30 minutes and those that are not. 7, 8) However, in the patient using pasteurized whole knee joint autograft, the early collapse of medial condyle of tibia and excessive ankylosis were occurred. 9) Meniscal allograft transplantation has been already performed for 20 years and has played an important role in reducing knee joint pain and increasing function. 
